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PART-I 
Development of New Synthetic Methodologies Using Heterogeneous 
Catalysts or Polyethylene Glycol 
 
Chapter 1.1.1 Heterogeneous catalysts in organic synthesis: 
Introduction 
            There have been a number of important advances in the practical aspects of 
organic synthesis during the past twenty years. Use of heterogeneous catalysts has now 
been developed to a fairly sophisticated level. The candidate has successfully applied 
these catalysts in various organic transformations. A general description on the 
effectiveness of these heterogeneous catalysts in organic reactions has been given. 
 
Chapter 1.1.2 Heteropoly acids (HPA) – Review 
Heteropoly acids (HPA), a class of heterogeneous catalysts, are of great 
importance in recent years. The candidate has utilized a catalyst of this category to 
accomplish some organic transformations. The basic characteristics of heteropoly acids 
as green catalysts are overviewed, focusing on the various reaction fields in which the 
heteropoly acids function as acid and oxidation catalysts. Two industrial processes which 
were made very green by the use of these catalysts in liquid biphase systems are 
described. 
            There are eco-economic advantages using the HPA catalysts. 12-
Molybdophosphoric acid (MPA), an important heteropoly compound, has been used as 
an efficient catalyst for some chemical reactions. The broad utility of this catalyst is 
attributed to its tunable acidic and redox properties.   
            Several methods have been reported in order to increase the thermal stability of 
MPA. One among them is the transformation of the acid into its cationic salt; the 
ammonium salt of molybdophosphoric acid (AMP) being the most important one, which 
has subsequently been utilized by the candidate for his work.  
 
Abstract 
 ii 
Chapter 1.1.3 Reported work using heterogeneous catalysts 
            Some reported reactions using heterogeneous catalysts have been described. The 
applications of alumina, silica gel, clay and zeolite in useful organic transformations have 
been mentioned. 
Chapter 1.2.1 Introduction to polyethylene glycol (PEG-400)  
The candidate has utilized polyethylene glycol as the reaction medium to carry 
out some organic reactions. In this chapter a short description of its properties and 
applications is given. 
 
Chapter 1.2.2 Reported work on polyethylene glycol 
            Some reported reactions using polyethylene glycol has been described. This 
reaction medium has been found to be suitable to carry out several important reactions 
including Suzuki-Miyaura and Stille cross-coupling reactions and Michael addition-
dehydroxylation of Baylis-Hillman adducts. 
 
Chapter 1.3 Reported reactions on nucleophilic ring opening of 
aziridines and epoxides 
Several procedures have been reported for the ring opening reactions of aziridines 
and epoxides with various nucleophilic agents. As the candidate  has also studied these 
reactions applying different methodologies a short description of the reported reactions 
on nucleophilic ring opening of aziridines and epoxides has been given.  
 
Chapter -1.4 Selective tosylation of alcohols with p-toluenesulfonic acid  
 
1.4.1 An efficient and selective tosylation of alcohols with p-toluenesulfonic acid 
using silica chloride 
             Silica chloride has presently been found by the candidate to be an efficient 
catalyst for facile tosylation of alcohols directly with p-toluenesulfonic acid in methylene 
chloride under reflux. The process is associated with selective tosylation of secondary 
alcohols over primary alcohols. 
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Scheme 1 
1.4.2 ZrCl4.SiO2 as an efficient catalyst for selective tosylation of alcohols with p-
tolunesulfonic acid 
Tosylation of alcohols has also directly been carried out with  p-toluenesulfonic 
acid in methylene chloride under reflux using ZrCl4.SiO2 as a catalyst. Primary alcohols 
were found to be tosylated chemoselectively over secondary alcohols. 
 
R-OH R-OTs
CH2Cl2, reflux 4-9 h
p-TsOH
ZrCl4.SiO2   
81-97% 
 
Scheme 2 
        Primary alcohols afforded the products in very high yields. Even long-chain 
alcohols were also converted smoothly to the tosylation products.  
 
Chapter 1.5 Development of new synthetic methodologies using 
ammonium-12-molybdophosphate 
1.5.1 An improved protocol for regioselective ring opening of aziridines with 
tetrabutylammonium halides using ammonium- 12-molybdophosphate as a catalyst. 
           Regioselective ring opening of aziridines with tetrabutylammonium halides to 
form the corresponding ß-haloamines has efficiently been carried out at room 
temperature using ammonium-12-molybdophosphate as a catalyst. The products were 
formed in excellent yields within a short period of time. 
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Scheme 3 
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The ring opening of aziridines took place with high regioselectivity. N-Tosyl-2-
aryl aziridines yielded the products by cleavage at the benzylic position while N-tosyl-2-
alkylaziridines afforded the products formed by opening at the terminal position. The 
cleavage of symmetrical bicyclic N-tosylaziridines gave the N-tosyl-ß-haloamines whose 
stereochemistry was found to be trans. 
 
 
1.5.2 A rapid and high-yielding synthesis of thiazoles and amino-thiazoles using 
ammonium-12-molybdophosphate 
A convenient method for the synthesis of thiazoles and aminothiazoles by 
treatment of phenacyl bromides with thioamides/ thiourea in the presence of ammonium-
12-molybdophosphate at room temperature has been developed. The products were 
formed rapidly (within 20 min) and in excellent yields. 
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Scheme 4 
 
1.5.3 A rapid regioselective ring-opening of aziridines with potassium thiocyanate 
using ammonium-12-molybdophosphate  
             Ammonium-12-molybdophosphate, has been utilized for the first time for rapid 
(within 15-20 min) regioselective ring-opening of aziridines with KSCN at room 
temperature to form the corresponding b-aminothiocyanates in high yields. 
   
Scheme 5 
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The ring-opening of aziridines underwent here with high regioselectivity. N-
Tosyl-2-aryl aziridines yielded products formed by cleavage at the benzylic position 
while N-tosyl-2-alkyl aziridines afforded  products formed by opening at the terminal 
position. Symmetrical bicyclic aziridines underwent ring-opening with KSCN in the 
presence of AMP to form only the trans products.  
 
1.5.4 A mild, rapid and highly regioselective ring-opening of epoxides and aziridines 
with acetic anhydride under solvent-free conditions using ammonium-12-
molybdophosphate 
            A highly regioselective ring opening of epoxides and aziridines can be  carried 
out efficiently with acetic anhydride to form the acetates of the corresponding 1,2-diols 
and 2-amino-alcohols respectively using ammonium-12-molybdophosphate (AMP) as a 
heterogeneous catalyst, at room temperature, in the absence of solvent. 
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Scheme 7 
                                                   
The ring opening of epoxides with Ac2O by internal or external attack of the 
nucleophile afforded similar products. However, the conversion of aziridines took place 
with high regioselectivity. N-Tosyl-2-aryl aziridines yielded products formed by cleavage 
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at the benzylic position while N-tosyl-2-alkyl aziridines afforded  products formed by 
opening at the terminal position. The cleavage of symmetrical  bicyclic epoxides and  N-
tosyl aziridines with Ac2O formed trans products. 
 
1.5.5 A rapid and high-yielding synthesis of ß-hydroxyselenides by regio- and 
stereoselective ring-opening of epoxides with benzeneselenol using ammonium-12-
molybdophosphate 
             ß-Hydroxyselenides have conveniently been synthesized within a short period of 
time and in excellent yields by regio- and stereoselective ring-opening of epoxides with 
benzeneselenol at room temperature in the presence of ammonium-12-molybdophosphate 
(AMP) as a heterogeneous catalyst. 
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Scheme 8  
Bicyclic epoxides underwent ring-opening to form the corresponding ß-
hydroxyselenides with trans configuration.  
 
Chapter 1.6 Development of new synthetic methodologies using 
polyethylene glycol 
 
1.6.1 Catalyst-free highly regio- and stereoselective ring-opening of epoxides and 
aziridines with sodium azide using polyethylene glycol as an efficient reaction 
medium 
Ring-opening of epoxides and aziridines has readily been carried out at room 
temperature using polyethylene glycol (PEG-400) as the efficient reaction medium to 
form the corresponding 2-azidialcohols and 2-azidoamines respectively in excellent 
yields (95-99%) within 30-45 min and with high regio- and streoselectivity.  
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Scheme 9 
 
           2-Alkylepoxides and N-tosyl-2-alkyl aziridines yielded the products formed by 
opening at the terminal position while 2-phenyl epoxide and N-tosyl-2-phenyl-aziridine 
afforded the products formed by cleavage at the benzylic position. The ring opening of 
bicyclic epoxides and aziridines with NaN3 afforded the products with trans 
configuaration indicating the conversion to be anti-stereoselective.  
  
1.6.2 An efficient catalyst-free synthesis of thiiranes from oxiranes using 
polyethylene glycol as a reaction medium 
           A catalyst-free, high-yielding conversion of oxiranes into thiiranes has efficiently 
been carried out by treatment with KSCN or thiourea at room temperature using 
polyethylene glycol (PEG-400) as the reaction medium. 
O
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Scheme 10 
 
         A series of thiiranes were prepared from several oxiranes by following the above 
method. Any additional catalyst was not required. The conversion was complete within 
45 min. 
 
Section-1.6.3 A facile catalyst-free chemoselective Boc protection of amines using 
polyethylene glycol as the reaction medium 
          A catalyst-free efficient chemoselective Boc protection of amines has been 
accomplished by a treatment with (Boc)2O using polyethylene glycol (PEG-400) as the 
reaction medium. Various aliphatic, aromatic and heteroaromatic amines, primary and 
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secondary amines and aminols have been converted at room temperature into the 
corresponding mono N-Boc derivatives in excellent yields. 
R1 NHR2
(Boc)2O,  PEG
 r.t.
5 - 60 min
R1 N(Boc)R2
82 - 99 %
 
Scheme 11 
 
          A series of N-Boc derivatives were prepared from various amines in PEG at room 
temperature. The conversion was complete within 5–60 min and the yields were 
excellent. No additional catalyst was required. Polyethylene glycol (PEG-400) has been 
utilized here for the first time for Boc protection of amines 
   
PART-II 
Chemical Investigation on Natural Lactonic Compounds 
 
Introduction 
Parthenium hysterophorus L. (Compositae) is a rich source of sesquiterpenoids. 
Various workers reported earlier several pseudoguaianolides, flavones and a rare lignan. 
The candidate carried out investigation on the flowers of the plant. Previously this portion 
was not studied much. The present investigation has afforded four new 
pseudoguaianolide sesquiterpene lactones along with several known compounds. 
 
Chapter 2.1 
Reported constituents of Parthenium hysterophorus have been tabulated. 
 
Chapter 2.2 
 
Chemical Investigation on Flowers of Parthenium hysterophorus 
Chemical examination of the flowers of Parthenium hysterophorus by the 
candidate resulted in the isolation of several constituents (Table 1). The structures of the 
compounds were established from the spectral analytical data.  
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Table 1: Compounds Isolated from the Flowers of Parthenium hysterophorus  
        S. No.    Compound                       Structure                    Remark 
1 Parthenin           1                              Known compound 
2 Coronopilin           2                          Known compound 
3 Tetraneurin A           3                          Known compound 
4 8-b-Hydroxy           4                                     Known compound 
coronopilin   
5 Scopoletin           5                          Known compound 
6 Hysterone D           6                          Known compound 
            7        4ß-Acetoxy-11-ß, 13-H- 
                      dihydroparthenin                   7                         New  compound 
           8        4ß-Acetoxy-11-a, 13-H- 
                       dihydroparthenin                  8                                    New compound 
 
9      3ß-Acetoxy- neoambrosin       9                                    New compound 
10     3a-Acetoxy-neoambrosin      10                                   New compound  
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The structures and stereochemistries of the new constituents were settled mainly 
from detailed studies of their 1D and 2D (COSY, HMBC, HSQC and NOESY) NMR and 
mass spectra  
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Chapter 2.3 
Chemical Modifications of Parthenin 
 In the present study different transformations of medicinally important compound 
parthenin (1), which is a major constituent of Parthenium hysterophorus have been 
considered. The compound underwent several regio and stereoselective modifications to 
various interesting analogues by different available inexpensive reagents. The retention 
of the a-methylene-g-lactone, which plays a vital role for the bioactivity of parthenin, has 
been observed in some of the reaction products. 
 
1) Synthesis of Anhydroparthenin 
A) Treatment of Parthenin with Amberlyst-15/Ac2O 
When parthenin (1) was reacted with Ac2O in the presence of Amberlyst-15 in 
CH2Cl2 the sole product anhydroparthenin 11 was obtained in excellent yield.  
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/Amberlyst-15
 
                                  1                                                       11   (94%)   
                  
Scheme 12: Treatment of Parthenin with Amberlyst-15/Ac2O 
 
B) Reaction of Parthenin with Amberlyst-15/Acetic acid 
              When parthenin (1) was dissolved in acetic acid in the presence of Amberlyst-15 
under reflex the sole product here was also anhydroparthenin . 
 
 
                                                 
 
 
 
 1                                                   11 (91%)              
                   Scheme 13: Treatment of Parthenin with Amberlyst-15/AcOH 
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2) Reduction of Parthenin with In/sat. aq. NH4Cl 
Treatment of parthenin (1) with indium in the presence of sat. aq. NH4Cl gave the 
mixture of three compounds, two diastereomers of neoambrosilide type products 12 and 
13 and neoambrosin (14) in various amounts.  
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                          1                                                   (30%                   45%                   20%) 
                                   12  13          14 
 
Scheme 14: Reduction of Parthenin with In/sat. aq. NH4Cl 
 
3) Reaction of Parthenin with NaN3/Amberlyst-15. 
        Reaction of parthenin (1) with NaN3 in the presence of Amberlyst-15 afforded an 
interesting product (15) where rings B and C were intact while ring A was saturated 
having azide group at C-2 position.  
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    1                                                 15  (62%) 
                          Scheme-15: Treatment of Parthenin with Amberlyst-15/NaN3 
  
4) Reaction of Parthenin with MeOH/Amberlyst-15. 
 Reaction of parthenin (1) with methanol in the presence of Amberlyst-15 afforded 
2a-methoxy coronopilin (16) in excellent yield at room temperature. 
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      1                                                      16  (53%) 
Scheme 16: Treatment of Parthenin with Amberlyst-15 in Methanol 
 
5) Oxidation of Parthenin Using Cat. OsO4 /NMO 
           When parthenin (1) was reacted with catalytic amounts of osmium tetraoxide and 
NMO (N-Morpholine Oxide) in the presence of acetone/H2O system the dihydroxylated 
new product (17) was produced in excellent yield at room temperature. 
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                                     1                                                   17  (60% )                                                
 
               Scheme 17: Dihydroxylation of Parthenin with Cat. OsO4/NMO 
 
            
 
 
 
 
 
 
 
 
 
  
 
